In order to investigate the correlation between the electrical characteristics of the semi-insulating GaAs and its properties as a possible detector for low energy gammarays, we have measured, for various materials, the forward and the reverse I-V characteristic, the capacitance as a function of the frequency at various bias voltages and the capacitance as a function of the bias voltage at various frequencies. To measure the charge collection e ciency, the energy resolution and the detection e ciency as a function of the bias voltage the crystals have been irradiated with 22, 60, 88 and 122 keV photons. The results are discussed and a comparison between materials from various factories, of di erent thickness and equipped with di erent contacts is also presented.
I. INTRODUCTION
Semi-insulating GaAs shows a very good e ciency for the detection of low energy gamma-rays at room temperature but, since it is a compound, is usually a ected by the presence of defect centers. These defects in uence the charge transport properties of the material and the electric eld inside it, thus reducing the charge collection eciency of these detectors. The electrical characteristics and the detector performances can be also in uenced by other parameters related to the fabrication of the detector. We have investigated the in uence of the material properties and thickness, and of the contact characteristics.
II. DETECTOR DESCRIPTION
In table I are reported for each detector, the rm where the material has been fabricated, the rm or institution where the contacts have been evaporated, the detector thickness and the diameter of the Schottky contact. Apart from detector # 2, # 4 and # 5, which present a double Schottky contact, all others have an ohmic contact on the back surface. All the Schottky contacts have been obtained by depositing thin layers of Titanium, which acts as blocking contact, and by depositing a protective layer of Gold on the Ti layer. The ohmic contact of detector # 1 has been obtained by 1200 A of PdSi 2 , while the ohmic contact of detector # 3 by Ni/Ge/Au/Ni/Au. The ohmic contacts of detectors # 6 and # 7 have been obtained by evaporating a thin lm of NiCr/Ge/Au and annealing it at 380 C for 3 minutes in a hydrogen rich atmosphere. On these two samples a mesa structure has been obtained by etching, in order to reduce peripherical leakage currents. All materials exhibit comparable resistivities, which range between 7:0 10 7 and 2:5 10 8 cm, as calculated from the ohmic region of the current-voltage characteristic (see gure 1). Lapping and polishing procedures have been used in order to obtain the thinnest samples # 2 and # 7. Finally, sample # 5 di ers from sample # 4 only in the polishing procedure of its rear surface.
III. ELECTRICAL MEASUREMENTS
The current-voltage characteristic was measured by a Keithley 617 picoammeter/dc-voltage source, while the capacitance-voltage characteristics were measured at frequencies ranging between 100 Hz and 1 Mhz using a HP4284A LCR meter. By using the dc-voltage source of the 617 Keithley, capacitance measurements up to 1000 applied volts were possible. All the detectors show common features: under forward bias the ohmic region is followed by a space charge limited (SCL) region, characterized by a quadratic dependence of the current on voltage. The two regions are clearly observable in gure 1, which shows the log-log plot of the current density under forward bias for the detector # 1. From gure 2a it can be seen that an ohmic region is present also under small reverse bias: this occurs till the current density rises up to the thermionic inverse saturation current density. At greater reverse voltages (0:1V V 1V ), quasi-saturation occurs and at even greater voltages (V 10V ) an increase of the current as a function of voltage is observed. This last voltage region is also characterized by transients phenomena on the time-scale of the measurements (few seconds): in gures 2b and 2c some measurements taken at di erent times after the application of each voltage are reported. It is worthwhile to notice that, in the voltage range 20-60V, the current tends to increase with time, while the opposite holds at higher voltages; this behaviour has been observed over all the detectors. It should be mentioned that the "forward" characteristic of detectors # 2 , # 4 and # 5 is similar to their respective "reverse" characteristic. This is a consequence of the double Schottky structure of these detectors. Also the capacitance characteristics of all the detectors show common features. Figure 3 , which again refers to detector # 1, shows such characteristics: at high frequencies of the test voltage signal (usually greater than few KHz) the capacitance is constant with respect to the reverse voltage and it is also independent of the frequency. At low frequencies a voltage-dependent capacitance excess appears: it is maximum without biases and it is negligible at biases close to the break-down voltage. 
IV. GAMMA-RAY IRRADIATION MEASUREMENTS
The signals from the irradiated detectors were collected by a charge-sensitive preampli er (ORTEC 142A), a shaper ampli er (ORTEC 673) with a shaping time of 1.0 s and a multichannel analyser. All the measurements were performed at room temperature. In previous works 1, 2] we have seen that the behaviour of the charge collection e ciency and the energy resolution as a function of bias voltage was similar for various photon energies in the diagnostic energy range (22 and 88 keV from 109 Cd, 60 keV from 241 Am and 122 keV from 57 Co). This fact indicates that these detection properties are intrinsic characteristics of each detector. This behaviour is con rmed also by detector # 1 (see gures 4 and 5). All other detectors have been irradiated with the 241 Am source and the full set of measurements have been performed only at the corresponding photon energy (60 keV). On the other hand, for each energy, the detection e ciency does not depend on the material and contacts characteristics and it is in very good agreement with the predictions of a Monte Carlo simulation based on the EGS4 code 3]. In gure 6 are reported the simulated curves and the measured values about detection e ciency for three di erent GaAs thicknesses.
V. RESULTS
In table II we report the maximum bias operative voltage, the charge collection e ciency (cce), the energy resolution (ER), the current density (J), the capacitance per unit area (C) and the geometrical capacitance per unit 
VI. DISCUSSION AND CONCLUSIONS
Our measurements do not indicate a meaningful dependence of J and C on the detectors material characteristics and processing. For all of them, as shown in gures 2b and 2c, transients in the current seem to point to an active presence of trapping mechanisms in the charge transport process. A similar indication comes from the C dependence on the voltage bias and the C excess at low frequencies, shown in gure 3 (see for instance 4]). The values of cce and ER are also not very dependent on the material and its processing; on the contrary, they depend strongly on the thickness of the crystal as we can see comparing detectors from the same manufacturer such as the couples # 2-# 3 and # 6-# 7 even though in the latter case the big di erence of architecture can play a role. A model of the possible in uence of the thickness, relating it to the deep levels action in the trapping mechanisms is also described in 5, 6]. Table II: Charge collection e ciency (cce) and energy resolution (ER) at 60 keV photon energy, measured current density (J), measured, at 3:2 MHz, capacitance per unit area (C) and geometrical capacitance per unit area (C g ) for all detectors at the maximum bias voltage. (a): the value of the capacitance (in F) is lower than the sensitivity of the capacitance meter, due to the pixel dimensions. 
